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SECTION 1
INTRODUCTION

This report covers the past yéars work on a program sponsored by U.S. Department of
Defense to demonstrate that high-quality <100> GaAs/(O112)] sapphire (A1203) epitaxy
could be achieved.

GaAs, with the <100)> surface orientation, is preferred both for monolithic surface
acoustic wave (SAW) and electronic device fabrication. The successful deposition of
<100> GaAs/<0112> A1203 is of great value because it would allow for the integration
of SAW and electronic devices on a common chip. =

Metalorganic chemical vapor deposition (MO-CVD) was used for all depositions during
this work. Sapphire with an orientation of <01T2)> was chosen for the substrate, since its

four-fold symmetry was expected to initiate <100> epitaxial growth. The quality of the

GaAs films were characterized as a function of deposition temperature, As/Ga ratio and

-

growth rate, in an attempt to optimize the deposition process.

The result that the films grown are of a <1!1> orientation, leads to the conclusion
that the <0112) orientation of the ,‘\1203 does not appear to have a significant effect on
determining the orientation of the films. This in turn leads to the belief that epitaxial

GaAs films could be deposited on other types of substrates, such as quartz.
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SECTION 2
MO-CVD GROWTH SYSTEMS

All GaAs depositions were performed in our second MO-CVD system which is also
being used in a continuing program, funded by the Solar Energy Research Institute to

fabricate GaAs/GaAlAs heteroepitaxial structures.

The MO-CVD reactor, shown in Figure 1, features a microprocessor control system

and a rotating, vertical-geometry reaction chamber with a large growth area.

The MO-CVD growth chamber is shown schematically in Figure 2. The
pyramid-shaped susceptor has a growth area of 100 cm2 and can hold five 2" wafers per
batch. A rotating thermocouple inside the RF-heated susceptor provides for feedback
temperature control. The water-cooled fused-quartz vessel is sealed to the water-cooled
stainless steel baseplate by means of a double O-ring arrangement. The rotating

fused-quartz shaft is sealed to the baseplate by means of a custom-designed ferrofluid

o R

feedthrough.

The entire MO-CVD process sequence is controlled by a Westinghouse PC-900
programmable controller in conjunction with an IBM-PC resulting in a sophisticated

s~ 14

computer control system. This system allows for maximum ease of operation,
reproducibility, documentation capabilities, and continual monitoring of all. safety

{
= o)

i conditions for operator safety.

The gas-delivery system consists of face-seal fittings and bellows valves
butt-welded to stainless steel tubing. A palladium-alloy purifier is used in the hydrogen
line and all flows are controlled by electronic mass flow controllers. A filtered-air
) cabinet is provided in the wafer-loading area and organometallic sources are maintained

=
»‘- -

Ess
=iy ol ™3 Oy,

in temperature-stabilized cooling baths.

This MO-CVD reactor is designed to grow GaAs and GaAlAs over the entire alloy

range. Maximum doping levels are mid—lO18 range for N-type and about 1019 for p-type

GaAs. Growth rates can be varied from 0.01 to 2 pm/min and the growth temperature is
typically between 650°C and 800°C.
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SECTION 3
EXPERIMENTAL

3.1 SUBSTRATES

The sapphire (A1203) substrates used for this work were supplied by Saphikon.(z)

They were all <0112> A1203 cut in 1" x 1" squares with the front side polished to EPI
quality and the back side polished to an optical finish. Before loading, the substrates were
cleaned in acetone and methanol followed by a DI rinse. The substrates were then cleaned
in NHQOH:HZOZ:HZO,Z:I:IO for 30 seconds. Each sample was dipped in HF and rinsed just
prior to loading. A small piece of N*GaAs was also loaded each run for evaluation.

3.2 DEPOSITION STUDIES

Experiments were designed to determine the best conditions for the deposition of
GaAs on (01T2>A1203. The growth parameters studied were deposition temperature,
As/Ga ratio and deposition rate. The deposited layers were evaluated and characterized
in terms of surface morphology, electronic quality and structural perfection.

3.2.1 Deposition Temperature

The first growth experiments were done to determine the optimum deposition
temperature. A series of runs were made at a fixed growth rate and As/Ga ratio while
the temperature was varied for each run. A 6é-micron thick undoped layer was deposited

at each temperature. The growth conditions are shown in Table 1.

Each sample was evaluated by eye, Nomarski phase-contrast microscopy and by a
Sloan Dektak surface profiler. The samples grown at 600°C, 620°C, 650°C all have a dull
mat-gray appearance to the eye and look polycrystalline when viewed by the Nomarski
microscope (Figure 3). The samples grown at 675°C, 700°C, 725°C, and 750°C all have a
smooth, reflective surface to the eye. The samples grown at 675°C, 700°C, and 750°C
when viewed by microscopy, reveal a large grain texture (Figure 4). The surface of the
sample grown at 725°C has a very definite crystalline appearance as can be seen by the

triangular morphology in Figure 5.
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; FIGURE 4. NOMARSKI MICROGRAPHS OF 6 MICRON HIGHLY

ORIENTED (111) GaAs FILMS GROWN ON <0172> Al703.
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The sample mat-gray and appeared

polycrystalline

Selected sa t to Manlabs3 for x-ray
diffraction anal
the (111) directi
700°, 725° all shq

a highly oriented

aAs layers are oriented in
ples grown at 650°, 675°,

rm mm = A

(333) reflection indicating

The sample indicating this sample is

somewhat polyc

The sample anlabs, revealed a slightly

sharper (111) pe his probably indicates less

strain in the cry

The ,‘\1203

(Figure 6) which verified it was <0112) /\1203 as expected.

tion and a laue photograph

g FIGURE 6. LAUE PHOTOGRAPH OF <0112 Al,05.
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After examining the data from Manlabs, comparing photographs from the
microscope, examining the samples by eye and comparing Dektak measurements, it was
concluded that the sample grown at 725° gave the best crystal. A highly oriented <!>

GaAs layer with an average surface roughness of .5 microns.

3.2.2 Deposition Rate

A second series of growth experiments were done to determine how the deposition
rate effected the films. 725° was the temperature chosen for this series of experiments
because it yielded the best crystal in the first series. The As/Ga ratio was kept constant.

Table 3 shows the growth conditions.

TABLE 3. GROWTH CONDITIONS TO DETERMINE OPTIMUM DEPOSITION RATE

Run Deposition As/Ga Ratio Deposition Layer

# Rate Temperature Thickness
1 5.5A/sec 10:1 725°C 6 pm
2 22A/sec 10:1 725°C 6 pm
3 44A/sec 10:1 725°C 6 um

Samples were again examined and evaluated by eye and by microscopy. All
samples other than the one grown at 22A/sec appeared polycrystalline when viewed by
microscopy (Figure 7) and had the same mat-gray appearance by eye. The sample grown
at 22A/sec again appeared to be cyrstalline (Figure 8) and have a bright reflective surface
as before.

The above experiments led to the conclusion that the GaAs film quality is very
depended on the deposition rate. The optimum growth conditions after completing the
first two series of runs was deposition temperature 725°C, AsGa ratio 10:1 and deposition
rate of 22A/sec.
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FIGURE 7. NOMARSKI MICROGRAPH OF 6-MICRON POLY-
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3.2.3 As/Ga Ratio

A third series of runs were done to determine how the As/Ga ratio would effect the
film quality.

.“A

:f_i Two runs were made at the optimum temperature of 725° and growth rate of
22A/sec. The growth conditions are shown in Table 4.

i

TABLE 4. GROWTH CONDITIONS TO DETERMINE EFFECT OF
: As/Ga RATIO ON FILM QUALITY

v, Run Deposition As/Ga Ratio Deposition Layer

f.'é @ # Rate Temperature Thickness
i

A

2 - 1 22 A/sec. 20:1 725°C 6 pm
N @ 2 22 A/sec. 5:1 725°C 6 um

i
pletoty
BZd

Samples grown at both the above As/Ga ratios are mat-gray and looked
polycrystalline under the microscope.

3.2.4 Effects of Deposition Temperature on Orientation

One run was made to determine if a high deposition temperature would possibly
enhance <100> growth due to the high energy level of the GaAs atoms. The run was
made at 825°C with optimum growth conditions (deposition rate=22A/sec, As/Ga

ratio=10:1). This sample also looks mat-gray and polycrystalline by microscopy.
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SECTION 4
MEASUREMENTS

4.1 X-RAY DIFFRACTION

Selected samples were again sent to Manlabs for x-ray diffraction. Along with the
GaAs/(01T2) samples, one GaAs/0001 Al,0, sample was also sent. This sample was grown

during one of the runs with optimum growth conditions and was used as a comparison.

B L s

e e w4

<ooo0l> A1203 is known to initiate <l11> GaAs growth from previous work done at Spire

which was funded by industry and has been reported elsewhere.(l)

Data from Manlabs
reinforced the first findings that the sample grown at the optimum settings of 725°, AsGa
ratio 10:1 and deposition rate of 22 A second is the best crystal. They concluded that this
sample is a single crystal layer with a <111> orientation. It was also found that there is
very little difference if any between the layer grown on <0001> A1203 and <0fl12>

A1203 both layers are <111> single crystal GaAs.

The best samples were then chosen for closer examination. Electronic qualities
were attempted to be measured by Hall effect measurement. Defect populations were
examined by transmission electron microscopy (TEM). The purity and autodoping were
investigated by secondary ion mass spectroscopy (SIMS). A measurement of the doping
level was attempted by Polaron C-V profilometry.

One sample was used for all the above measurements. The sample used was grown
at the optimum conditions, 725°C, As/Ga ratio=10:1 and growth rate of 22A/sec. It was

sectioned as needed for each measurement.

4.2  MOBILITY

A mobility measurement was attempted by Hall effect. This proved to be
unsuccessful due to the fact that the resistivity (P) of the layer is too high (Figure 9) for
our Hall setup, which is sensitivity limited by its small magnet.

43 TEM

A section was sent to ARACOR(“) for examination by TEM. ARACOR verified

that the crystal is a (111) crystal, however they did detect some evidence of
polycrystallinity.
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Sample: Van der Pauw Hall configuration ICM X ICM

Room light only
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5 §§
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Ay
:’;§ @ Figure 10 A and B shows a grain which is of a different orientation then the
q = surrounding <111> region. As can be seen, the grain is rotated with respect to the
:; matrix. This is also confirmed by the extra non-symetric spot in the laue photograph
: @ (Figure 10A). Aracor was not able to determine the orientation of this grain. The sample
o
. also has a high density of stacking faults around 107cm™2 calculated from the
t ﬁ micrographs (Figure 11 A and B).
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FIGURE 11-B. TEM MICROGRAPHS OF STACKING FAULTS IN 6-MICRON
GaAs FILM GROWN ON <0112> Al203.
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4.4  SIMS
\ Another section was sent to Northern Analytical Lab5 for examination by SIMS. A
N depth-profile was taken through the GaAs layer into the A1203 substrate. The profile

(Figure 12) shows the plots for As, Ga, Al, C, SI and K. As can be seen there is an Al
spike at the GaAs/Ale3 interface which quickly disappears early into the GaAs layer.
Northern Analytical believes that the Al spike in the GaAs layer is not actually there, but

X was just an artifact of the measurement due to a charge build up at the surface of the
v
.fi’ A1203. The Al in the first portion of the GaAs film is believed to be real and quickly

dissipates as mentioned above.

4.5 POLARON C-V

An attempt was made to measure the carrier concentration of the best film using a
Polaron profile plotter. The carrier concentration is calculated from the
capacitance-voltage data taken from a Schottky barrier formed between the GaAs film
2 and an electrolyte solution. Omic contact must be made either to the back of the

.
Al

substrate or to the deposited film in order for the Polaron to operate. Due to the

iy insulating nature of the A1203 substrate and the highly resistive grown layer, omic contact
¥

could not be achieved so the carrier concentration could not be measured.
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FIGURE 12.  SIMS PROFILE OF A 6-MICRON GaAs FILM GROWN ON
<01T2> Al,03. »

4-6

A GG "3 LU LY % N Ty N S T
' b ! , U AR e T N nho'. N0, Tt Nt

‘\‘1;"'."5 OO0 .’ X 3 € y ; . - 1 . A'ﬂ‘. “‘ w
AR L R R R R AL LA R L LT R LS LN A L L '&'l Soakhs!




23 tnv
%

SECTION 5
E SUMMARY

i

>

) e,

K - The conclusions, observations and results of the past year are as follows:

:f g l. A reproducible process for depositing <l111> single crystal GaAs on <0112>
1

:: Al O3 has been developed using the MO-CVD technique. The reason for the films
¢ »

:' & being of <l11> orientation instead of the proposed <100> orientation must still
) be investigated.

& Ejz

'; A 2. The <0112> orientation of the A1203 substrate did not appear to have a
:; - significant effect on determining the <111> orientation of the GaAs films.

4§

4

:.% ' 3. The best films grown are highly reflective to the eye and have a surface roughness
| *’; of approximately .4 microns.

g: I3

. h 4, Deposition temperature, GaAs ratio and deposition rate, all affected the quality of
' the films.

=

'; 5% 5. The defect density of the films is approximately 107cm-2. More work is needed
2 ! to improve the films.

| W

-;' 6. The SIMS profile showed very little autodoping or contamination in tne GaAs films
1

;;' @?‘ attributed to the A1203 substrate,

§

[
e

1

R,

i

b

o QQ

0 ‘;3

o

[}

K

o N

[ “
4

N |
o

-,
a

"xv:'*’i\| D) [ Y I llh oD T O i AR
-+ VDRSO LA R Al Attt ity et Sk XG0 u'lig't n':‘u e :‘.- Lt d et 4’:“‘»"-‘9 0t

3 il ‘a' W, ' h




AR
.

[

. ‘E"

1)
2)
3
4)

5)

R b Avmah - p-g W - m-t aom -l s o e g N

SECTION 6
REFERENCES

H.M. Manasevit, Journal of Crystal Growth, 22, (1974), pp.125-148,
Saphikon, 51 Powers Street, Milford, NH 03055

Manlabs, 21 Erie Street, Cambridge, MA

ARACOR, 223 East Arques Avenue, Sunnyvale, CA 94086

Northern Analytical Lab, Inc., 3 Northern Blvd., B2, Amherst, NH 0303]

6-1




.9

SECTION 7
ASSOCIATED PERSONNEL

ROBERT G. WOLFSON

EDUCATION: B.S., Metallurgy, M.L.T.
M.S. and Ph.D., Materials Science, Northwestern University

PROFESSIONAL EXPERIENCE:

Present Spire Corporation. Vice President/Research. Dr, Wolfson directs R&D
on materials and processes for photovoltaics, solid-state
micro-electronics, and transducer/detector technology. He is also
responsible for managing Spire's research programs from the U.S.
Departments of Defense and Energy and from private industry. Current
activities center upon the elemental and compound semiconductors:
silicon (both crystalline and amorphous), germanium, and the III-V and
[I-V] compounds; ther= are, in addition, major efforts on other
materials, such as amotphous beryllium and cubic (adamantine) boron
nitride. The chief applications for this work are in the areas of
thin-film solar cells, discrete devices and integrated circuits,
microwave communications, infrared imaging and optics, fiberoptics,
and protective coatings for wear and chemical resistance.

Prior to 1979 Before joining Spire, Dr. Wolfson was Manager, Advanced Materials
Equipment for the Varian/Lexington Vacuum Division and earlier was
Associate Director, Materials Technology Center, General Instrument
Corporation. For six years, he served as Associate Professor of
Engineering at Dartmouth College; still earlier, he was Project Leader,
Epitaxy Research at P.R. Mallory Company and Manager, Materials
R&D at Sylvania Semiconductor Division, where he began his career.

PUBLICATIONS:

"Rapid Diffusion of Molybdenum Trace Contamination in Silicon" (with S. P. Tobin, A.C.

Greenwald, D. L. Meier, and P. J. Drevinsky), to be published in Materials Research
Society Proceedings.

-

o
.-

2 .?ﬂ

"A Study of Ion Implantation and Annealing of Low-Cost Silicon Sheet" (with M. B. Spitzer
and C. J. Keavney), Record of the 17th IEEE Photovoltaic Specialists Conference, 252-258

PPN
==
=
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»
- »

.. (1984).

;:;;; @ "Heteroepitaxial (Al,Ga)As Structures on Ge and Si for Advanced High Efficiency Solar
;:;.: > Cells" (with S.M. Vernon, M.B., Spitzer, and S. P. Tobin), Record of the 17th IEEE
:’:‘.:! Photovoltaic Specialists Conference, 434-439 (1984).

"; g "Development of GaAs/Si and GaAlAs/Si Monolithic Structures for Future Space Solar

Cells (with M.B. Spitzer, S. M. Vernon, and S. P. Tobin), Record of the NASA Space
Photovoltaics Research and Technology Conference, Cleveland (1983).
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ROBERT G. WOLFSON (Continued)

, "lon Beam Synthesis of Cubic Boron Nitride" (with S, Shanfield), J. Vac Sci. Technol. Al,
o . 323 (1983).

"Ion Implanted Junctions for Silicon Space Solar Cells" (with M. B. Spitzer and M. M,

Y (Slagnfg;:on), Record 18th Intersociety Energy Conversion Engineering Conference, 1213
83).

"Photovoltaic Technology," in Photonics, Book II, 29th edition, Optical Publishing
Company, Pittsfield, MA, PpE 152-154 (1983).

-
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"A New Electron Beam Polishing Technique for Heteroepitaxial Thin Films" (with S.P.
Tobin, A.C. Greenwald, and T.T. Wong), in Laser and Electron-Beam Interactions with

Solids, B.R. Appleton and G.K. Celler, eds. (Elsevier Science Publishing Company, New
York, 1982), pp 725-730.

"Pulsed Electron Beam Processing of Silicon" (with A.C. Greenwald, R.G. Little, and M.B.
Spitzer), in Laser and Electron-Beam Interactions with Solids, B.R. Appleton and G.K.
Celler, eds. (Elsevier Science Publishing Company, New York, 1982), pp 621-626.

R

3;.‘ i

"’o:! "lon-implanted Thin-film Solar Cells on Sheet Silicon" (with R.G. Little), Record of the
y-f.’} 15th IEEE Photovoltaic Specialists Conference, 595-597 (1981).
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R0

"Low Temperature Deformation of Crystalline Nonmetals", in Plastic Deformation of
Materials, R.J. Arsenault, ed. (Academic Press, New York, 1975), pp. 333-392,

t’g:!

:: "Growth of NaCIl-KCl Mixed Crystals from the Melt" (with W. Kobes), Mater. Res. Bull.
:::‘: 2, 263-267 (1967).

il

:)‘ "Anomalous Unconstrained Crystal Growth of GaAs" (with A.G. Lapierre and E.M. Juleff),
—, in Crystal Growth, H.S. Peiser, ed. (Pergamon Press, New York, 1967), pp. 301-304. -

:,_,"3:, "The Analysis of Berg-Barrett Skew Reflections and Their Application in the Observation
g of Process-Induced Imperfections in (111) Silicon Wafers" (with E.M. Juleff and A.G.
Lapierre), in Advances in X-ray Analysis, Vol. 10 (Plenum Press, New York, 1967), pp.
t’ - 173-184,

é:* "Precipitation in NaCI-KCl Mixed Crystals" (with W, Kobes and M.E. Fine), J. Appl. Phys.
;Qgc 37, 704-712 (1966).

ks

‘:ﬁf‘ "The Observation of Lomer-Cottrell Dislocations in Boron-Diffused (111) Silicon by

?;r ;B(?gr&t)t Skew Reflections" (with E.M. Juleff and A.G. Lapierre), Int. J. Electron. 21,

"Observation of Locally Diffused Regions in Silicon Wafers by Berg-Barrett X-ray
Diffraction Micrography" (with E.M. Juleff), J. Appl. Phys, 37, 2178-2179 (1966).

"Silicon/Corundum Epitaxy" (with J.L. Porter), J. Appl. Phys. 36, 2746-2751 (1965).

"Epitaxial Vapor Deposition of Ge onto CaF; from GeH," (with 1.L. Porter), J. Appl.
Phys. 36, 3690-3691 (1965).
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VICTOR E. HAVEN STAFF RESEARCHER

EDUCATION: A.S. and B.S., Electronic Engineering Technology, Wentworth Institute of
' Technology, 1978
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PROFESSIONAL EXPERIENCE:

1978-Present  Spire Corporation. Research Scientist. Responsible for: (1) MO-CVD of
GaAs/GaAlAs for various research programs, (2) Lab supervision.
Previously, as Process Engineer, designed software control for MO-CVD
reactor product line. Wired, programmed, operated and maintained first
MlO-CVIIDl reactor. Other experience with photolithographic processes for
solar cells.

N

STANLEY M. VERNON STAFF RESEARCHER

' W

EDUCATION: M.S., Electrical Engineering, Rutgers University, 1976
B.S. cum laude, Physics, Boston College, 1972

C

PROFESSIONAL EXPERIENCE:

1981-Present  Spire Corporation. Manager, Epitaxial R&D. Responsible for: (1) design
and development of metalorganic chemical vapor deposition (MO-CVD)
systems product line, (2) establishment and operation of MO-CVD
GaAs/GaAlAs epitaxial growth service, and (3) GaAs/GaAlAs deposition
for various research programs concerned with high-efficiency, thin-film
solar cells for flat-plate and concentrator applications.

-
AT e

1976-1981 IBM_Thomas J. Watson Research Center. Associate Engineer.

Responsible for the chemical-vapor-deposition portion of the

GaAs-GaAlAs research effort on solar cells and MESFETS. Designed and

built an organometallic-CVD growth system. Successfully grew
( high-quality GaAs and GaAlAs layers, and produced first vapor-grown
GaAs-GaAlAs solar cell and GaAs MESFET at IBM. Fabricated and tested
Schottky barrier solar cells on Si and on single- and polycrystalline GaAs
films. Developed recrystallization process which increased grain size of
poly-GaAs films by three orders of magnitude. Achieved large-grained
GaAs films on Si and SiO3 by graphoepitaxy.

- >
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w0 -
Cx )

1974-1976 Rutgers University. Research  Fellow, Electrical Engineering
Department. Designed, fabricated and tested Schottky barrier (MIS) solar
cells on Si. Discovered means of achieving reproducibly high open-circuit
voltages by control of fabrication parameters.

1972-1974 Rutgers University. Research Assistant, Physics Department. Performed
research on homogeneous nucleation in a fluid mixture.
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STANLEY M. VERNON (Concluded)

1970-1971 Boston College. Research Assistant, Physics Department. Studied thermal
annealing of radiation-damaged Si solar cells.

PUBLICATIONS:

"Growth of Epitaxial GaAs Films on Silicon Substrates," S. M. Vernon, S. Shanfield, and R.
G. Wolfson, (submitted).

"Development of GaAs/Si and GaAlAs/Si Monolithic Structures for Future Space Solar
Cells," M. B, Spitzer, S. M. Vernon, R. G. Wolfson, and S. P. Tobin, Proc. of the NASA
SJpace Photovoltaic Research & Technology Conference, Cleveland, OH, October 1983.

"Progress Toward Development of High Efficiency GaAs Solar Cells on Silicon
Substrates," S. M. Vernon, S. P. Tobin, and R. G. Wolfson, Proc. of the SERI 5th Annual
Photovoltaic Advanced Research & Development Meeting, Denver, CO, May 1983.

"Growth of Epitaxial GaAs Films on Silicon Substrates," S. M. Vernon, S. Shanfield, and R.

G. Wolfson, The Electrochemical Society Meeting, Recent News Abstracts, San
Francisco, May 1983,

"Growth of Single-Crystal Ge-on-Si Substrates for GaAs Solar Cells," S. M. Vernon and S.
P. Tobin, Abstracts of the Electronic Materials Conference, Fort Collins, CO, June 1982.

"Preparation of Silicon Substrates for GaAs Solar Cells by Electron Beam Pulse
Processing," S. M. Vernon, Proc. of the SERI Advanced High-Efficiency Program Review
Meeting, golden, CO, March, 1982,

"Grain Size and Its Fluence on Efficiency in Polycrystalline GaAs Solar Cells", A. E.
Blakeslee and S. M. Vernon, Solar Cells 1, 81 (1979).

"Solar Cells on Large-Grain GaAs Thin Films", S. M. Vernon, A. E. Blakeslee and H. J.
Hovel, J. Electrochem. Soc. 126, 703 (1979).

"Growth of Polycrystalline GaAs for Solar Cell Applications", A. E. Blakeslee and S. M.
Vernon, IBM J. Res. Dev. 22, 346 (1978).

"Schottky Solar Cells on Thin Epitaxial Silicon", W. A. Anderson, S. M. Vernon, P. Mathe
and B. Lalevic, Solid-State Electron. 19, 973 (1976).

"Factors Which Maximize the Efficiency of Cr-p-Si Schottky (MIS) Solar Cells", W. A,
Andelison, )S M. Vernon, A. E. Delahoy, J. K. Kim and P. Mathe, J. Vac. Sci. Technol. 13,
1158 (1976).

"Temperature Effects in Schottky Barrier Solar Cells", S. M. Vernon and W. A. Anderson,
Appl. Phys. Lett. 26, 707 (1975).

"Homogeneous Nucleation in a Critical Binary Fluid Mixture", J. S. Huang, S. M. Vernon
and N. C. Wong, Phys. Rev. Lett. 33, 140 (1974).
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JOHN J. ENTERKIN MATERIALS RESEARCH DEVELOPMENT TECHNICIAN

PROFESSIONAL EXPERIENCE

1984-present Spire Corporation. Research Technician. Responsible for: (1)
Operation and maintenance of MO-CVD reactor, (2) Design of
GaAs/GaAlAs growth conditions for research programs.

1980-1984% MA/COM Corporation. Diffusion Technician. Responsible for Lab
equipment, deposition and diffusion of silicon devices.
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